Background/Aim. Acid-base disorders are common within critically ill patients. Physicochemical approach described by Stewart and modified by Figge gives precise quantification method of metabolic acidosis and insight into its main mechanisms, as well as influence of unmeasured anion on metabolic acidosis. The aims of this study were to determine whether the conventional acid-base variables are connected with survival rate of critically ill patients at Intensive care unit; whether strong ion difference/strong ion gap (SID/SIG) is a better predictor of mortality rate comparing to conventional acid-base variables; to determine all significant predictable parameters for the 28-day mortality rate at intensive care units. Methods. This retrospective observational analytic study included 142 adult patients requiring mechanical ventilation, survivors (n = 68) and nonsurvivors (n = 74). Apparent strong ion difference (SIDapp), effective strong ion difference (SIDeff) and SIG values were calculated with the Stewart-Figge's quantitative biophysical method. Descriptive and analytical statistical methods were used in the study [t-test, Mann-Whitney U test, 2 -test, binary logistic regression, Reciever operating characteristic (ROC) curves, calibration]. Results. Age, Na + , acute physiology and chronic health evaluation (APACHE II), Cl -, albumin, SIG, SID app, SIDeff, and aninon gap (AG) were statistically significant predictors. AG represented a model with imprecise calibration, i.e. a model with little predictive power. APACHE II had p-value more than 0.05 if it was near it, and therefore it could be considered potentially unreliable for outcome prediction. SIDeff and SIG represented models with well-defined calibration. ROC analysis results showed that APACHE II, Cl -, albumin, SIDeff, SIG i AG had the largest area bellow the curve. By creation of logistic models with calibration methods, we found that outcome depends on SIG and APACHE II score. Conclusion. Based on our data, unmeasured anions provide prediction of mortality of critically ill patients on mechanical ventilation, unlike the traditional acid-base variables which are not accurate predictors of the 28-day mortality rate.
Introduction
Acid-base disorders are common in critically ill patients 1 . Traditional measurements which allow partial quantification of metabolic component of acid-base disorders are the following: pH, anion gap (AG), standard bicarbonates (SB), and standard base excess (SBE) 2 . Anion gap is the term used for apparent lack of anions compared to cations. This anion shortage in healthy persons is only apparent because only electrolytes of vital importance (sodium, potassium, chlorides and bicarbonates) are measured. If wider an anion gap, it indicates the presence of additional anions in plasma, such as: ketones, lactates, acid interproduct in salicylic acids, methanol or paraldehyde poisoning. In other words, anion gap widening is an indication for acidosis 3 . Numerous studies show, however, that conventional parameters of metabolic status have limited accuracy in predicting the outcome of treatment and the percent of mortality of critically ill patients [4] [5] [6] [7] . The reasons for limited precision probably originate in different mechanisms involved in acid-base disorders formation: cumulative effect of hypoalbuminemia (values less than 35g/L), influence of various metabolites of unmeasured anions, the presence of various types of acidosis, the degree of hyperlactatemia (lactates values more than 2 mmol/L) 4, 7, 8 . The physicochemical approach described by Stewart 9 and modified by Figge et al. 10 gives a precise quantification method of metabolic acidosis. Also, it gives insight into its main mechanisms, as well as the influence of unmeasured anion on metabolic acidosis. This approach emphasizes that changes in blood pH are regulated by three independent variables: pH, strong ionic difference (SID) and total weak acids concentration 9, 10 . The partial pressure of carbon-dioxide (PaCO 2 ) provides some information about the respiratory component of acid-base disorders. However, the interpretation of metabolic component is far more complex. Apparent strong ion difference (SIDapp) is a difference between the sum of all strong cations and strong anions measured 9, 10 . Effective strong ion difference (SIDeff) represents the effect of corrected PaCO 2, weak acids (albumins), and inorganic phosphates on electric charge balance in plasma 10 . The difference between SIDapp and SIDeff measured represents a strong ion gap (SIG) 11 . The SIG value for healthy people is zero, while within critically ill patients high SIG is defined by the values 2 and indicates accumulation of unmeasured anions (sulfate, keto acids, citrate, pyruvate, acetate, gluconate, etc.) 8, [10] [11] [12] [13] [14] . Unmeasured anions are a sign of acidosis that must be included to account for the measured pH [14] [15] [16] [17] [18] [19] . The aim of this study was to determine whether the conventional acid-base variables are connected with survival rate of critically ill patients at intensive care units (ICU), whether SID/SIG is a better predictor of mortality rate comparing to conventional acid-base variables, as well as to determine all significant predictable parameters for the 28-day mortality rate at Intensive care unit.
Methods
This retrospective observational analytic study involved subpopulation of critically ill patients on mechanical ventilation, admitted to the Intensive Care Unit, during the period January 2012-October 2012. The study was approved by the institutional ethical commitee.
Inclusion criteria in the study were the following: patients who needed mechanical ventilation and intensive monitoring of vital parameters (ECG monitoring, body temperature, arterial blood pressure). It was necessary that arterial gas analyses and biochemical analyses were done on admission date at Intensive Care Unit (electrolytes, albumins, haematocrit, leukocytes, and creatinine). Exclusion criteria were: patients under 18, patients admitted due to various poisoning, and patients diagnosed with cancer. According to the outcome, patients were divided into two groups: survivors and nonsurvivors. Fluid resuscitation was performed with crystalloids, colloids and blood products, according to the diagnosis of critically ill. All the patients were monitored during a 28-day period from the moment of admission to Intensive Care Unit in order to establish mortality rate 13 . Demographic data, admission diagnosis, APACHE II score values within the first 48 hours of admission (Acute Physiology And Chronic Health Evaluation), and treatment outcome (survivors and nonsurvivors) were collected from case histories and discharge notes of patients involved in the study. Venous blood was collected through a cannula introduced for therapy application. Different veins in forearm were drawn. Arterial blood was sampled from radial artery. Arterial puncture was done with syringe and needle (24-26 G) which were covered with heparin as anticoagulant. All samples were analysed with a gas analyser (GEM Premier 3000, Instrumentation Laboratory, Italy). Biochemical parameters were analysed by biochemical analyser (Ilab 600, Instrumentation Laboratory, Italy).
AG values were calculated with the following formula: 
Results
There were 142 subjects included in the study, 67 men and 75 women. The patients were divided into two categories according to the 28-day survival rate: survivors (n = 68) and nonsurvivors (n = 74). Cl -, albumin, SIDeff, SIG and AG. The largest area bellow the curve had: SIDeff, SIG, AG and APACHE II (Figure 1) . It is important that p value is as far as possible from 0.05. Next, logistic models were made ( Table 3 ). The first logistic model was a model to which predictors with p < 0.1 were added. The model was well-calibrated (H-L p = 0.626).
This model indicated that the only significant predictor was the APACHE II score. However, we consider the model created with ENTER not adequate enough due to a disproportion between the sample size and the results of importance and the number of variables present in this model. Therefore, an additional model was created and predictors processed with the Forward method. It can be seen that at the first step APACHE II was a variable introduced as a statistically significant predictor with the least p-value. However, in this case the results of H-L test was p = 0.072, which indicated that APACHE II model was not enough for outcome prediction. In the step 2 SIG as a statistically significant predictor was added, and the result of HL test was p = 0.274. It indicated a well-calibrated model with good predictive capabilities.
Discussion
The present study show that the only reliable predictors of the 28-day survival rate in critically ill patients are SIG and APACHE II scores. It should be mentioned that this study is the first one focused on critically ill patients on mechanical ventilation exclusively, unlike the majority of similar studies 1, 5, 7, 12, 16 . Numerous studies have examined the predictive capability of standard and acid-base variables derived from the Stewart-Figge's quantitative biophysical method 1, 4, 12, 17, 18 . It has been noticed that the traditional acid-base variables (pH, AG, SB, and SBE) could be unsuccessful in complex acid-base disorders identification in critically ill patients.
If contradictory results from the literature on this phenomenon were taken into consideration, there would be unreliability regarding prognostic usefulness of some acidbase variables, and therefore their biological significance would be questionable. Although the severity of metabolic acid-base disorders or lactic acidosis in critically ill patients can predict the outcome of treatment, there are many inconsistencies regarding clinical relevance of these variables. Gunnerson et al. 1 analysed a possible discrepancy between SIG in healthy volunteers and stable patients before discharge from intensive care units. It was shown that stable patients at discharge had significantly higher levels of undetected anions comparing to healthy volunteers. This finding is explained with occult acid-base disorders, which cannot be identified by the standard metabolic status interpretation. The study conducted by Maciel and Park 4 , shows that different anion proportions which cause acidosis at admission to intensive care units are similar for survivors and nonsurvivors. At paediatric population of critically ill patients, Balasubramanyan et al. 5 have indicated that unmeasured anions can be used for lactate values prediction and that they predict mortality rate better than serum lactates. However, this discovery was contradictory to the study of Cusack et al. 16 conducted on adult population of critically ill patients. That study proved that initial pH and SBE had the best capability to predict treatment outcome among acid-base variables, while SIG had not significant prognostic power. On a narrow-selected patient population with serious vascular traumas, Kaplan et al. 19 found that SID/SIG methodology was a better 'tool' for estimation of potential mortality rate at patients than hypoperfusion markers and standard acid-base. Rocktaeschel et al.
14 in their study find that useful predictors of hyperlactatemia in adult general ICU patients are: BE, BEua (BE caused by unmeasured anions) and AG. Also, they find that in critically ill patients acid-base variables, calculated in four ways (AG, Agcorr-corrected anion gap, BEua, SIG), have a limited ability to predict hospital mortality. Therefore, they conclude that the nature, origin and true significance of unmeasured anions in critical illness remain unknown. Antonini et al. 20 conclude that despite the absence of acidaemia, progressive metabolic acidosis may be ongoing in the early phase of critical illness. However, metabolic acidosis determined by unmeasured anions is a clinically relevant phenomenon correlated with mortality.
In our study, ROC analysis indicates more potential predictors. It has been revealed by creation of logistic models with calibration methods 15 , that outcome depends on SIG and APACHE II score. The arithmetic mean for SIG in the survivors group is significantly higher compared to the group of nonsurvivors. These values of SIG in the nonsurvivors group represent very large amount of undetected anions and indicate that organism is overloaded with acids. The results of this study support conclusions of other studies which claim that unmeasured anions, detected by the Stewart-Figge's methodology, identify a greater number of patients with acid-base disorders comparing to the conventional parameters (pH, AG, SB, SBE) 1, 4, 12, 18, 20, 21 . A great number of acidosis at critically ill patients were caused iatrogenically, by infusion solutions rich in chlorides and plasma expanders which act as weak acids 1, 8, 19 . However, unmeasured anions seem to represent heterogeneous set of various anions which is not always well-characterized because the anions come from many possible sources, and therefore future research should focus precisely on detecting their source. The scope of different diagnoses in this study is very heterogeneous, and it can be recommended that future studies on this phenomenon should focus on patients with clearly defined diagnosis (surgical, neurosurgical, neurological, internist etc.).
Conclusion
This study indicates that unmeasured anions if measured with quantitative biophysical method could have clinical implications, regarding not only the prognosis of critically ill treatment and its outcome, but also the early diagnostics of complex acid-base abnormality which cannot be detected with the traditional acid-base variables.
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